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EUROPEAN PATENT APPLICATION 



© Novel phenol compounds containing methoxymethyl group or hydroxy methyl group. 

© A novel methoxymethyl- or hydroxymethyr-containing phenol compound represented by the following 
formula (I), (II), (III), (IV) or (V) is disclosed: 
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wherein each R represents CH 2 OCH 3f CteOH, or H, provided that at least three of the FVs are CH2OCH3 or 
CH 2 OH f with at least one thereof being CH 2 OCH 3 ; each Ri represents CH2OCH3, CH 2 OH, or H f provided that at 
least two of the Ri's are CH2OH; and each Ffe represents ChfeOCHa, CH 2 OH, or H f provided that at least two of 
the Ffe's are CH 2 OH. 
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FIELD OF THE INVENTION 

The present invention relates to novel phenol compounds containing a methoxymethyl group or a 
hydroxymethyl group. 

5 

BACKGROUND OF THE INVENTION 

It has conventionally been known that hydroxymethyl-containing phenol compounds are used in various 
applications. For example, besides being applied to coating compositions as described in "THE CHEM- 
w ISTRY OF ORGANIC FILM FORMERS" written by D.H. Solomon, hydroxymethyl-containing phenol com- 
pounds are used in many fields such as, e.g., lithographic plates, photoresists, adbesives, molding 
materials, laminating materials, and binders. 

Frequently used in these applications are a phenoHormaldehyde-resol resin or the compounds 
described in Japanese patent publication (examined) No. Hei-1 -49932, specifically such compounds as 
is bishydroxymethyl-p-cresol and tetrakis(hydroxymethyl)bisphenol A. 

However, such conventionally known hydroxymethyl-containing phenol compounds have been disad- 
vantageous in that methyiol groups, which function as a crosslinking group, cannot be incorporated, in the 
molecule in a large number. The phenol-formalin-resol resin also is disadvantageous in that the number of 
the reactive hydroxymethyl groups contained in the molecule is small. Hence, both the hydroxymethyl- 
20 containing phenol compounds and the phenol-form aldehyde-resol resin have failed to attain sufficient cured- 
film performances when used in coating compositions, photosensitive printing plates, etc. It has therefore* 
been necessary that in order to meet cured-film performance requirements, the hydroxymethyl-containing 
phenol compounds or the resol resin should be incorporated in a large amount. 

Further, there has been another problem that, the incorporation of a hydroxymethyl group results in 
25 impaired solvent solubility. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a methoxymethyl- or hydroxy methyl- 
30 containing phenol compound which has sufficient cured-film performances even when used in a smaller 
amount as compared with the conventional hydroxymethyl-containing phenol compounds and resol resin. 

The methoxymethyl- or hydroxymethyl-containing phenol compound of the present invention is repre- 
sented by the following formula (I), (II), (III), (IV) or (V): 
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wherein 

each R represents CFfcOCHs, CH 2 OH f or H ( provided that at least three of the R's are CH2OCH3 or 
CH 2 OH, with at least one thereof being CH2OCH3; 

each Ri represents CH 2 OCH3 t CH2OH, or H t provided that at least two of the Ri's are CH2OH; and 
each R 2 represents CH 2 OCH3, CKfeOH, or H, provided that at least two of the Ffc's are OfeOH. 

DETAILED DESCRIPTION OF THE INVENTION 

In the formula (I), each R represents Ch^OChb, CH 2 OH t or H, provided that at least three of the R's are 
CH 2 OCH3 or CH 2 OH t with at least one thereof being CH 2 OCH3. The compound is preferably one in which 
four or more of the R's are CH2OCH3 or ChfeOH, more preferably one in which five or more of the R's are 
CH 2 OCH 3 or CH 2 OH, and most preferably one in which all the R's are CH2OCH3 or CH 2 OH, provided that 
in all cases at least one of these R's is CH 2 OCH3. 

The methoxymethy Containing phenol compound of this invention which is represented by formula (I) 
can be obtained by reacting the following phenol compound represented by formula (V) with formaldehyde 
in the presence of a basic catalyst and then reacting the reaction product in methanol in the presence of an 
acid catalyst. 
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The phenol compound represented by formula (I*), i.e., 4,4 , -[1-[4-[2-(4-hydroxyphenyl)-2-propyl]phenyl> 
ethylidenejbisphenol, may be a commercially available one. Examples thereof include one commercial ly 
available under the name of TrisP-PA" from Honshu Chemical Industry Co., Ltd. As the formaldehyde for 
25 use in this invention, either of formalin and paraformaldehyde is suitable. 

In the first stage of the synthesis of a phenol compound (I) according to the present invention, the 
adequate range of the molar ratio of the phenol compound represented by formula (I*) to formaldehyde 
(HCHO) to be introduced into a reactor is from 1:2 to 1:30, and preferably from 1:6 to 1:18 from the 
standpoint of yield. 

so As the basic catalyst, either of an inorganic base and an organic base is usable. Preferred examples 
thereof include sodium hydroxide, potassium hydroxide, lithium hydroxide, calcium hydroxide, ammonia 
(water), tetramethylammonium hydroxide, tetraethylammonium hydroxide, triethyiamine, diethylamine, mon- 
oethylamine, trimethylamine, dimethylamine, and monomethylamine. The amount of such a basic catalyst to 
be used is generally from 50 to 300% by mole based on the amount of the phenol compound represented 

as by formula (V). Since these basic catalysts also function to dissolve the phenol compound represented by 
formula (I 1 ) into water, the amount thereof may be suitably increased or reduced according to the solvent to 
be used. 

The reaction temperature is preferably from 0 to 60 # C, more preferably from 0 to 45 *C. At 

temperatures less than 0*C, the rate of the condensation reaction is low. At temperatures above 60 *C, 
40 gelation takes place. The reaction time varies depending on the reaction temperature. For example, in the 

case of 35 * C, a reaction time of 4 to 36 hours is preferred. In this case, if too long a reaction time (e.g., 48 

hours or more) is used, gelation may occur. 

As the acid catalyst to be used in the second stage of the synthesis of the phenol compound of this 

invention, any of inorganic acids such as sulfuric acid, hydrochloric acid, nitric acid, and phosphoric acid 
4$ and organic acids such as benzenesulfonic acid, p-toluenesulfonic acid, and acetic acid may be employed. 

The reaction temperature is preferably from 0 to 65 *C, more preferably from 10 to 65 *C. At 

temperatures less than 0 • C, the reaction rate is low. The reaction time varies depending on the reaction 

temperature, concentration, and the amount of the acid catalyst. In the case of 65 *C, for example, a 

reaction time of 0.5 to 36 hours is preferred, 
so In the formulas (II) and (III), each Ri represents CH2OCH3, CH2OH or H, provided that at least two of 

the R/s are CH 2 OH group. The compound is preferably one in which five or more of the Ri's are CH 2 OH, 

more preferably one in which seven or more of the Ri's are CH2OH, and most preferably one in which all 

the Rrs are CH2OH. 

In the formulas (IV) and (V), each R2 represents ChfeOCHa, CH2OH or H, provided that at least two of 
55 the R2'S are CH2OH group. The compound is preferably one in which three or more of the R2 f s are ChfeOH, 
more preferably one in which five or more of the R 2 's are CH 2 OH, and most preferably one in which all the 
R 2 , sareCH 2 OH. 
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The phenol compounds represented by formula (11*), (IIP) or (IV) can be synthesized by the methods as 
described in JP-A-55-1 62728, JP-A-3-1 79353, JP-A-5-224409 and U.S. Patent 5.296,330 (the term "JP-A" 
as used herein means an unexamined published Japanese patent application). 
55 The phenol compound represented by formula (V) may be a commercially available one under the 
name of Trisphenol-Tc'* from Mitsui Petrochemical Industries, Ltd. 

In the synthesis of a hydroxymethyl-containing phenol compound represented by formula (II) or (IV) 
according to the present invention, the adequate range of the molar ratio of the phenol compound 
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represented by formula (IP) or (IV) to formaldehyde (HCHO) to be introduced into a reactor is from 1 J2 to 
1:40, and preferably from 1:8 to 1:24 from the standpoint of yield. As the formaldehyde for use in this 
invention, either of formalin and paraformaldehyde is suitable. 

As the basic catalyst, either of an inorganic base and an organic base is usabl . Preferred examples 

s thereof include sodium hydroxide, potassium hydroxide, lithium hydroxide, calcium hydroxide, ammonia 
(water), tetramethylammonium hydroxide, tetraethylammonium hydroxide, triethylamine, diethy (amine, mon- 
oethylamine, trimethylamine, dimethylamine, and monomethylamin . The amount of such a basic catalyst to 
be used is generally from 50 to 600% by mole based on th amount of the phenol compound represented 
by formula (11*) or (IV). Since these basic catalysts also function to dissolve the phenol compound 

10 represented by formula (II*) or (IV) into water, the amount thereof may be suitably increased or reduced 
according to the solvent to be used. 

The reaction temperature is preferably from 0 to 60* C, more preferably from 10 to 45 # C. At 
temperatures less than 10 "C, the rate of the condensation reaction is low. At temperatures above 60 *C, 
gelation takes place. The reaction time varies depending on the reaction temperature. For example, in the 

rs case of 40* C, a reaction time of 1 to 36 hours is preferred. In this case, if too long a reaction time (e.g., 48 
hours or more) is used, gelation may occur. It is preferred that after completion of the reaction, 
neutralization with an acid be conducted. As the acid to be used, any of inorganic acids such as sulfuric 
acid, hydrochloric acid, nitric acid, and phosphoric acid and organic acids such as benzenesulfonic add, p- 
toluenesulfonic add, and acetic acid may be employed. 

20 In the synthesis of a hydroxymethyl-containing phenol compound represented by formula (III) according 
to the present invention, the adequate range of the molar ratio of the phenol compound represented by 
formula (III 1 ) to formaJdehyde (HCHO) to be introduced into a reactor is from 1:2 to 1:60, and preferably 
from 1:12 to 1:36 from the standpoint of yield. The basic catalyst to be used may be the same as that 
described above, but the amount thereof is preferably from 50 to 1,000% by mole based on the amount of 

25 the phenol compound represented by formula (HI'). The reaction temperature and reaction time may be the 
same as those for the phenol compound represented by formula (II) or (IV) described above. 

In the synthesis of a hydroxymethyl-containing phenol compound represented by formula (V) according 
to the present invention, the adequate range of the molar ratio of the phenol compound represented by 
formula (V) to formaldehyde (HCHO) to be introduced into a reactor is from 1:2 to 1:30, and preferably from 

30 1:6 to 1:18 from the standpoint of yield. The basic catalyst to be used may be the same as that described 
above, but the amount thereof is preferably from 50 to 500% by mole based on the amount of the phenol 
compound represented by formula (V). The reaction temperature and reaction time may be the same as 
those for the phenol compound represented by formula (II) or (IV) described above. 

Specific examples of the methoxymethyl- or hydroxymethyl-containing phenol compounds of the 

35 present invention are shown below, but the present invention is not to be construed as being limited thereto. 
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Synthesis Examples for obtaining methoxymethyh or hydroxymethyl-containing phenol compounds (I), 
(II), (III), (IV) and (V) of the present invention are given below. 
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SYNTHESIS EXAMPLE 1 

(Synthesis of Compound 1-1) 

5 Into 100 ml of aqueous potassium hydroxid solution (10%) was dissolved 20 g of the phenol 
compound represented by formula (r). To this solution was dropwise added 00 ml of formalin (37%) with 
stirring at room temperature over a period of 1 hour. After th reaction mixture was stirred at room 
temperature for further 6 hours, it was poured into an aqueous solution of sulfuric acid to conduct 
crystallization. The pasty precipitate obtained was sufficiently washed with water and then re-crystallized 
to with 30 ml of methanol to obtain an intermediate of the desired compound as a white powder. The amount 
of the thus obtained powder was 20 g. ' 

1 H-NMR (DMSO-ds) «: 1.58 (s, 6H), 2.00 (s f 3H) f 4.42-5.52 (m, 12H), 5.16-5.24 (m, H), 6.83-7.08 (m, 
10H), 8.38 (s, 2H), 8.42 (s, 2H) 

The purity was measured by reversed -phase HPLC (column, Shimpac CLC-ODS (manufactured by 
is Shimadzu Corp.); solvent, methanol/water = 60/40 — 90710), and the content of the hexahydroxymethyl 
compound was found to be 92%; 

Into 1,000 ml of methanol was then dissolved 20 g of the hexahydroxymethyl compound with heating. 
Thereto was added 1 ml of concentrated sulfuric acid. The reaction mixture was heated with refJuxing for 12 
hours. After the reaction mixture was cooled, 2 g of potassium carbonate was added and the resulting 
20 mixture was stirred and then concentrated. Thereto was added 300 ml of ethyl acetate. This mixture was 
washed with water and dried, and the solvent was then removed to obtain the desired compound as a 
colorless oily substance. The yield was 22 g. 

1 H-NMR (CDCb) 5: 1.62 (s, 6H), 2.07 (s, 3H), 3.38 (s, 18H), 4.49 (s, 18H), 4.49 (s, 8H) t 4.55 (s, 4H), 6.80 
: (s, 4H), 6.90 (d, 2H), 6.98 (s, 2H), 7.06 (d, 2H), 7.64 (s, 1 H), 7.70 (s, 2H) 
25 The purity was measured by reversed-phase HPLC (column, Shimpac CLC-ODS (manufactured by 
Shimadzu Corp.); solvent, methanol/water = 60/40 -* 90/10), and the content of the hexamethoxy methyl 
compound was found to be 90%. - 

SYNTHESIS EXAMPLE 2 

30 

(Synthesis of Compound 11-1) 

Into 25 ml of aqueous sodium hydroxide solution (15%) was dissolved 10 g of the phenol compound 
represented by formula (IP). To this solution was added 15 ml of methanol. Thereto was then dropwise 

35 added 20 g of formalin (37%) with stirring at room temperature. After completion of the dropwise addition, 
the reaction mixture was heated to 40 *C and stirred for further 12 hours. The resulting reaction mixture was 
poured into an aqueous solution of acetic acid to conduct crystallization. The solid obtained was sufficiently 
washed with water and then re-slurried with 100 ml of ethyl acetate to obtain 11.4 g of the desired 
compound as a white powder. 

40 1 H-NMR (DMSO-de) 5: 4.48 (s, 16H), 5.17 (or, 8H), 5.31 (s, 2H), 6.91 (s, 8H), 7.00 (s, 4H) ( 8.40 (or, 4H) 
The purity was measured by reversed-phase HPLC (column, Shimpac CLC-ODS (Shimadzu Corp.); 
solvent, methanol/water = 60/40 90/10), and the content of the octaki shy droxy methyl compound (the 
compound represented by formula (II) wherein all the fVs are CH 2 OH, i.e., Compound II-1) was found to be 
95%. '"' 

45 

SYNTHESIS EXAMPLE 3 
(Synthesis of Compound 111-1 ) 

so Into a solution obtained by mixing 35 ml of aqueous sodium hydroxide solution (15%) with 25 ml of 
methanol was dissolved 15 g of the phenol compound represented by formula (IIP). To this solution was 
dropwise added 33 g of formalin (37%) with stirring at room temperature. After completion of the dropwise 
addition, the reaction mixture was heated to 40 *C and stirred for further 20 hours. The resulting reaction 
mixture was poured into an aqueous solution of acetic add. A viscous oily substance was separated from 

55 the aqueous layer by decantation, sufficiently washed with water, and then dried in a vacuum to thereby 
obtain 16.6 g of the desired compound as a light-yellow powder. 

^NMR (DMSO-dc) 5: 1.80 (s, 9H), 4.42 (br, 24H), 6.62 (s, 3H), 6.72 (s, 12H) 

The purity was measured by reversed-phase HPLC (column, Shimpac CLC-ODS (Shimadzu Corp.); 
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solvent, methanol/water = 60/40 — 90/10), and the content of the dodecakishydroxymethyl compound (the 
compound represented by formula (III) wherein all the FVs are CH 2 OH, i.e., Compound MM) was found to 
be 80%. 

SYNTHESIS EXAMPLE 4 

(Synthesis of Compound IV-1 ) 

Into 40 g of aqueous sodium hydroxide solution (10%) was dissolved 11 g of the phenol compound 
represented by formula (IV). To this solution was added 10 g of methanol. Thereto was then dropwise 
added 20 g of formalin (37%) at room temperature. After completion of the dropwise addition, the reaction 
mixture was heated to 40 *C and allowed to react for further 12 hours. The resulting reaction mixture was 
subjected to crystallization from an aqueous solution of acetic acid to obtain a white viscous solid. This 
white solid was sufficiently washed with water and then dried in a vacuum at room temperature. The yield 
was 13.6 g. 

'H-NMR (DMSO-de) 5: 2.11 (br, 8H), 4.47 (s, 8H), 4.48 (s, 8H), 5.19 (br f 8H), 6.84 (s, 4H), 7.00 (s, 4H), 
8.40 (br, 4H) 

The purity was measured by HPLC (column used, Shimpac CLC-ODS manufactured by Shimadzu 
Corp.), and the content of the compound represented by formula (IV) in which all the FVs are CH2OH 
(Compound IV-1) was found to be 93%. 

SYNTHESIS EXAMPLE 5 

(Synthesis of Compound V-1 ) 

Into 60 g of aqueous sodium hydroxide solution (10%) was dissolved 17.25 g of the phenol compound 
represented by formula (V) (as the phenol compound, use was made of one commercially available under 
the trade name of "TrisPhenol-Tc n from Mitsui Petrochemical Industries, Ltd). To this solution was added 
15 g of methanol. Thereto was then dropwise added 30 g of formalin (37%) at room temperature. After 
completion of the dropwise addition, the reaction mixture was heated to 40 *C and allowed to react for 
further 1 2 hours. The resulting reaction mixture was subjected to crystallization from an aqueous solution of 
acetic acid to obtain a white solid. This white solid was sufficiently washed with water and then dried in a 
vacuum at room temperature. The yield was 1 9.9 g. 

'H-NMR (DMSO-cfc) 5: 1.48 (s, 18H), 4.47 (s, 12H), 5.17 (br, 6H), 6.92 (m, 9H), 8.35 (br, 3H) 

The purity was measured by HPLC (column used, Shimpac CLC-ODS manufactured by Shimadzu 
Corp.), and the content of the compound represented by formula (V) in which all the FVs are CH2OH 
(Compound V-1) was found to be 90%. 

The thus-obtained methoxymethyl- or hydroxymethyl-containing phenol compounds represented by 
formulas (I) to (V) have sufficient cured-film performances even when used in a smaller amount as 
compared with conventional hydroxymethyl-containing phenol compounds, and are advantageously used as 
a major ingredient for coating compositions, an additive for molding materials, adhesives, binders, or 
photosensitive printing plates, etc. 

Further, the thus-obtained methoxymethyl-containing phenol compound represented by formula (I) is 
superior in solvent solubility to the compound represented by formula (I) wherein all the FVs are CH2OH 
group. 

Application Examples are given below. 

APPLICATION EXAMPLE 1 (Lithographic Plate) 

An aluminum plate (material, 1050) having a thickness of 0.3 mm was degreased by cleaning with 
trichloroethylene, and the surface of the resulting plate was grained with a nylon brush and an aqueous 
suspension of a 400-mesh pumice and then sufficiently washed with water. This plate was etched by 
immersing it in a 45 * C 25% aqueous sodium hydroxide solution for 9 seconds and then washed with water. 
Subsequently, the plate was further immersed in 20% nitric acid for 20 seconds and then washed with 
water. The aluminum amount thus removed from the grained surface by etching was about 3 g/m 2 . The 
resulting plate was subjected to direct-current anodizing at a current density of 15 A/dm 2 using 7% sulfuric 
acid as the electrolytic solution to deposit an oxide film on the plate in an amount of 3 g/m 2 , and was then 
washed with water and dried. This aluminum plate was subsequently coated with the primer specified below 
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and dried at 80 *C for 30 seconds. The amount of the primer coat after drying was 10 mg/m 2 . 



(Primer) 


^-Alanine 


0.1 g 


Phenylphosphonic acid 


. 0.05 g 


Methanol 


40g 


Pure water 


60g 



Further, the photosensitive solutions specified below were applied on the resulting aluminum plate and 
the coatings were dried at 100 *C for 2 minutes to obtain positive photosensitive lithographic plates. The 
amount of the coating after drying was 1 .8 g/rn 2 for all the photosensitive solutions. 



Photosensitive Solution (unit; gram) 


Product of esterif ication of naphthoquinone-1 ,2-diazide-5-sulfonic 


0.90 


acid chloride with a pyrogallol-acetone resin 




Cresol-formaldehyde novolak (metarpara ratio = 6:4; 


(as shown in Table 1) 


weight-average molecular weight, 1 ,800; unreacted cresol content 




0.5%) 




p-Octylphenol-formaldehyde novolak 


0.02 


Naphthoquinone-1 ,2-diazide-5-sulfonic acid chloride 


0.01 


Phenol derivative 


(as shown in Table 1) 


Tetrahydrophthalic anhydride 


0.05 


4-(p-N,N-diethoxycarbonylaminophenyl)-2,6-bis(trichloromethyl)-s~ 


0.02 


triazine 




4-(p-N-(p- Hydroxy behzoyl)aminophenyl)-2 f 6-bis(trichloromethyl>-s~ 


0.02 


triazine 




Dye obtained from Victoria Pure Blue BOH by converting the 


0.03 


counter ion into i-naphthalenesulfonic acid 




MEGAFAC F-177 (fluorine compound surfactant manufactured by 


0.15 


Dainippon Ink and Chemicals Inc.) 




Methyl ethyl ketone 


26 



Table 1 



Lithographic plate 


Amount of 


Phenol derivative 






cresol-formaldehyde 








novolak used (g) 










Formula 


. Amount used (g) 


[A] 


2.10 


methoxymethylphenol compound (1-1) 


0.06 


[B] 


2.16 


none 





These positive photosensitive lithographic plates were exposed to the light from a 30-ampere carbon 
arc lamp placed at a distance of 70 cm therefrom, and were then subjected to automatic development (by 
means of "800U," an automatic developing machine manufactured by Fuji Photo Film Co., Ltd.) at 25 *C for 
40 seconds with DP-4 (trade name; manufactured by Fuji Photo Rim Co., Ltd.) diluted 8 times. The proper 
exposure time for this treatment was the period in which the part corresponding to step 5 on a gray scale 
having a density difference of 0.15 (manufactured by Fuji Photo Film Co., Ltd.) became completely clear, 
and this exposure time was taken as the sensitivity of the photosensitive lithographic plate. Further, the time 
required for the part corresponding to the solid step on the gray scale to undergo a two-step color change 
therefrom in 40-second tray development with 25 # C DP-4 diluted 8 times was determined (this time being- 
hereinafter referred to as "development acceptability "). 



21 



EP 0 632 003 A1 



The results of the sensitivity (exposure time) and development acceptability evaluations of these 
positive photosensitive lithographic plates are shown in Table 2. 

These photosensitive lithographic plates were then placed on a transparent base and exposed for 60 
seconds in a vacuum frame through a positive original film using a halid lamp as a light source. The 
resulting plates were subsequently processed by passing these through ah automatic developing machine 
containing developing solution DP-4 (1:8) and rinsing solution FR-3 (1:7) manufactured by Fuji Photo Rim 
Co., Ltd. Thereafter, the plate surfaces were wiped with burning conditioner BC-3 manufactured by Fuji 
Photo Rim Co., Ltd., and processed for 7 minutes with burning device BP-1300. The plate surfaces were 
subsequently treated with a liquid prepared by diluting gum GU-7 manufactured by Fuji Photo Rim Co., Ltd. 
with water 2 times, allowed to stand for 1 day, and then subjected to printing with printing machine Heidel 
KOR-D. The burning temperature, the number of prints obtained, and the degree of spreading in a halftone 
image area are shown in Table 2. 

Table 2 



Lithographic 


Sensitivity 


Development 




Burning temperature 




plate 


(exposure) 


acceptability 












time) (sec) 


(min) 
















200 # C 


260*C 








Impression 


Degree of 


Impression 


Degree of 








capacity 


spreading in 


capacity 


spreading in 








(x1 0,000 sheets) 


halftone 


(x1 0,000 sheets) 


halftone 










image area 




image area 


[A] 


40 


6 


25 


A 


40 


B 


[B] 


60 


7 


15 


C 


20 


D 



Degree of spreading in halftone image area: 

A: Completely no spreading 

B: Almost no spreading 

C: Spreading occurred 

D: Considerable spreading occurred 



The results summarized in Table 2 show that as compared with the lithographic plate [B] containing no 
phenol derivative, the lithographic plate [A] containing a phenol derivative of the present invention is almost 
free from scumming of non-image area and has improved impression capacity even when burning is 
performed at any temperature. 

Furthermore, the lithographic plate [A] containing a phenol derivative of the present invention has higher 
sensitivity (is shorter in proper exposure time) than the lithographic plate [BJ, and the development 
acceptability thereof is on a level with no practical problems. 

The above demonstrates that the phenol derivative of the present invention not only enhances 
sensitivity without causing a significant decrease in development acceptability, but also greatly diminishes 
the scumming of non-image area which is caused by burning, even at any temperature, and improves 
impression capacity. Thus, the derivative of the invention has exceedingly high performances. 

APPLICATION EXAMPLE 2 (Photoresist) 

A photosensitive solution [C] having the following composition was prepared. 



Photosensitive Solution [C] 


Cresol-formaldehyde novolak resin (meta/para ratio = 6:4) 


1.0 g 


Compound (I) of this invention, 1-1 


0.1 g 


Triphenylsulfonium trichloromethane-sulfonate 


20 mg 


Ethyl Cellosolve acetate 


10 ml 
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A comparative photosensitive solution [D] was prepared separately which was the same as [C] above 
except that 0.1 g of bishydroxymethyl-p-cresol was used in place of the compound (I) of this invention. 

The photosensitive solutions {C] and [D] described above were applied on a silicon wafer with a spinner 
and dried on a hot plate at 90 *C for 2 minutes. 

The resulting coatings were exposed using a g-line stepper (436 nm) and developed with a 2.4% 
aqueous solution of tetramethylamrnonium hydroxide to thereby obtain resists having a 0.48-um line-and- 
space pattern. 

The resist obtained from the photosensitive solution [D] had a sensitivity of 170 mJ/cm 2 whereas the 
resist obtained from the photosensitive solution [C] had a sensitivity of 100 mJ/cm 2 . This shows that the 
resist obtained using the compound (I) of this invention has high sensitivity. 

APPLICATION EXAMPLE 3 (Coating Composition) 

A coating fluid [E] was prepared by dissolving 10 g of the compound represented by formula (I) which 
had been obtained in Synthesis Example 1 and 90 g of a phenoMorrnaldehyde-resol resin into 350 ml of a 
methanol-acetone-butyl alcohol (8:1:1) mixed solvent. Likewise, a coating fluid [F] was prepared by 
dissolving 10 g of bishydroxymethyl-p-cresol in place of the compound (I) and 90 g of a phenol- 
form aldehyde-resol resin into 350 ml of the same mixed solvent as the above-described one: Each of the 
coating fluids [E] and [F] was applied on a wood plate after a 50% methanol solution of benzenesulfonic 
acid was added thereto as a hardener in an amount of 1 5% based on the weight of the coating fluid. 

After the coated samples were then allowed to stand at room temperature for 1 week, they were 
immersed. in methanol and the film surfaces were visually examined. 

As a result, the surface of the sample obtained using the coating fluid [F] had suffered blushing, 
whereas the sample obtained using the coating fluid [E] had not changed, showing that the compound (I) of 
the present invention has the effect of improving the solvent resistance of coating fluids. 

Acid resistance and alkali resistance were evaluated likewise based on immersion in 50% acetic acid 
and in 5% aqueous sodium hydroxide solution, respectively. As a result, the coating film formed from the 
coating fluid [E] showed higher acid and alkali resistance than the coating film formed from the coating fluid 
[F]. 

APPLICATION EXAMPLE 4 (Lithographic Plate) 

An aluminum plate (material, 1050) having a thickness of 0.3 mm was degreased by cleaning with 
trichloroethylene, and the surface of the resulting plate was grained with a nylon brush and an aqueous 
suspension of a 400-mesh pumice and then sufficiently washed with water. This plate was etched by 
immersing it in a 45 * C 25% aqueous sodium hydroxide solution for 9 seconds and then washed with water. 
Subsequently, the plate was further immersed in 20% nitric acid for 20 seconds and then washed with 
water. The aluminum amount thus removed from the grained surface by etching was about 3 g/m 2 . The 
resulting plate was subjected to direct-current anodizing at a current density of 15 A/dm 2 using 7% sulfuric 
acid as the electrolytic solution to deposit an oxide film on the plate in an amount of 3 g/m 2 , and was then 
washed with water and dried. This aluminum plate was subsequently coated with the primer specified below 
and dried at 80 * C for 30 seconds. The amount of the primer coat after drying was 10 mg/m 2 . 



(Primer) 


^-Alanine 


0.1 g 


Phenylphosphonic acid 


0.05 g 


Methanol 


40g 


Pure water 


60g 



Further, the photosensitive liquids specified below were applied on the resulting aluminum plate and the 
coatings were dried at 100*C for 2 minutes to obtain positive photosensitive lithographic plates. The 
amount of the coating after drying was 1.8 g/m 2 for all the photosensitive solutions. 
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Photosensitive Solution (unit; gram) 




Product of esterification of naphthoquinone- 1 ,2-diazide-5-sulfonic 


0.90 




acid chloride with a pyrogallol-acetone resin 




5 


CresoMormaklehyde novolak (metarpara ratio = 6:4; 
weight-average mol cular weight, 1 ,800; unreacted cresol content, 
0.5%) 


(as shown in Table 3) 




p-Octylphenol-formaJdehyde novolak 


0.02 




Naphthoquinone-1 ,2-diazide-5-sulfonic acid chloride 


0.01 


10 


Phenol derivative 


(as shown in Table 3) 




Tetrahydrophthalic anhydride 


0.05 




4-(p-N,N-bis(ethoxycarbCHr)ylmethyl^ 


0.02 




)-s-triazine 






4^(p-N-(p-Hydroxybenzoyl)amiriophenyl>-2 l 6-bis(trichloromethyl)-s- 


0.02 


75 


triazine 






Dye obtained from Victoria Pure Blue BOH by converting the 


0.03 




counter ion into 1-naphthalenesulfonic acid 






MEGAFAC F-177 (fluorine compound surfactant manufactured by 


0.15 




Dainippon Ink and Chemicals Inc.) 




20 


Methyl ethyl ketone 


25 




Methanol 


1 



Table 3 



Lithographic plate 


Amount of 
cresoMormaldehyde 
novolak used (g) 


Phenol derivative 


Formula 


Amount used (g) 


[G] 


2.1 


hydroxymethylphenol compound (II- 1) 


0.06 


[H] 


2.0 


hydroxymethylphenol compound (IH-1) 


0.06 


[I] 


2.1 


none 
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With respect to these positive photosensitive lithographic plates, the sensitivity (exposure time), the 
development acceptability, the burning temperature, the number of prints obtained, and the degree of 
spreading in a halftone image area were examined in the same manner as in Application Example 1 . 

The results are shown in Table 4 below. 

40 



so 



55 
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Table 4 



Lithographic 
ptate 


Sensitivity 
(exposure) 
time) (sec) 


Development 
acceptability 
(min) 


Burning temperature 


200 # ( 




260M 


~» 


Impression 
capacity 
(x1 0,000 sheets) 


Degree of 
spreading in 

halftone 
image area 


Impression 
capacity 
(x1 0,000 sheets) 


Degree of 
spreading in 

halftone 
image area 


[G] 


40 


6 


25 


A 


30 


B 


[H] 


38 


6 


22 


A 


25 


B 


[I] 


60 


7 


15 


C 


20 


D 



Degree of spreading in halftone image area: 

A Completely no spreading 

B: Almost no spreading 

C: Spreading occurred 

D: Considerable spreading occurred 



The results summarized in Table 4 show that as compared with the lithographic plate [I] containing no 
phenol derivative, the lithographic plates [G] and [H] containing phenol derivatives of the present invention 
are almost free from scumming of non-image area and have improved impression capacity even when 
burning is performed at any temperature. 

Furthermore, the lithographic plates [G] and [H] containing phenol derivatives of the present invention 
have higher sensitivity (are shorter in proper exposure time) than the lithographic plate [I]. Although the 
plates [G] and [H] are slightly inferior to the plate [C] in development acceptability, the development 
acceptability of the former plates is on a level with no practical problems. 

The above demonstrates that the phenol derivatives of the present invention not only enhance 
sensitivity without causing a significant decrease in development acceptability, but also greatly diminish the 
scumming of non-image area which is caused by burning, even at any temperature, and improve 
impression capacity. Thus, the derivatives of the invention have exceedingly high performances. 

APPLICATION EXAMPLE 5 (Photoresist) 

A photosensitive solution [J] having the following composition was prepared. 



Photosensitive Solution [J] 


Cresol-formaldehyde novolak resin (meta/para ratio = 6:4) 


1.0 g 


Compound (II) of this invention, 11-1 


0.1 g 


Triphenylsulfonium trichloromethane-sulfonate 


20 mg 


Ethyl Cellosolve acetate 


10 ml 



A comparative photosensitive solution [K] was prepared separately which was the same as [J] above 
except that 0.1 g of bishydroxymethyl-p-cresol was used in place of the compound (II) of this invention. 

The photosensitive solutions [J] and [K] described above were applied on a silicon wafer with a spinner 
and dried on a hot plate at 90 • C for 2 minutes. 

The resulting coatings were exposed using a g-line stepper (436 nm) and developed with a 2.4% 
aqueous solution of tetramethylammonium hydroxide to thereby obtain resists having a 0.48-um line-and- 
space pattern. 

The resist obtained from the photosensitive solution [K] had a sensitivity of 170 mJ/cm 2 , whereas the 
resist obtained from the photosensitive solution [J] had a sensitivity of 120 mJ/cm 2 . This shows that the 
resist obtained using the compound (II) of this invention has high sensitivity. 
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APPLICATION EXAMPLE 6 (Lithographic Plate) 

An aluminum plate (materia), 1050) having a thickness of 0.3 mm was degreased by cleaning with 
trichloroethylene, and the surface of the resulting plate was grained with a nylon brush and an aqueous 
suspension of a 400-mesh pumice and then sufficiently washed with water. This plate was etched by 
immersing it in a 45* C 25% aqueous sodium hydroxide solution for 9 seconds and then washed with water. 
Subsequently, the plate was further immersed in 20% nitric add for 20 seconds and then washed with 
water. The aluminum amount thus removed from the grained surface by etching was about 3 g/m 2 . The 
resulting plate was subjected to direct-current anodizing at a current density of 15 AAJm 2 using 7% sulfuric 
acid as the electrolytic solution to deposit an oxide film on the plate in an amount of 3 g/m 2 , and was then 
washed with water and dried. This aluminum plate was subsequently coated with the primer specified below 
and dried at 80 • C for 30 seconds. The amount of the primer coat after drying was 10 mg/rn 2 . 



(Primer) 


^-Alanine 


0.1 g 


Phenylphosphonic acid 


0.05 g 


Methanol 


40g 


Pure water 


60g 



Further, the photosensitive solutions specified below were applied on the resulting aluminum plate and 
the coatings were dried at 100*C for 2 minutes to obtain positive photosensitive lithographic plates. The 
amount of the coating after drying was 1 .8 g/m 2 for all the photosensitive solutions. 

Photosensitive Solution (unit? gram) 

Product of esterif ication of naphthoquinone- 0.90 
l f 2-diazide-5-sulfonic acid chloride with 
a pyrogallol-acetone resin 
Cresol-f ormaldehyde novolak (as shown in Table 5) 

(metarpara ratio = 6:4; weight-average 
molecular weight, 1,800; unreacted cresol 
content, 0.5%) 

p-Octylphenol-f ormaldehyde novolak 0.02 
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Naphthoquinone- 1 , 2-diazide-5-sulf onic 0 . 01 
acid chloride 

Phenol derivative (as shown in Table 5) 

Tetrahydrophthalic anhydride 0.05 




0-02 



0.02 



Dye obtained from Victoria Pure Blue BOH 0.03 

by converting the counter ion into 

1-naphthalenesulf onic acid 

MEGAFAC F-177 (fluorine compound surfactant 0.15 

manufactured by Dainippon Ink and Chemicals Inc.) 

Methyl ethyl ketone 25 
Methanol ■ 1 
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Table 5 



5 


Lithographic plate 


Amount of 
cresol-formaldehyde 
novolak used (g) 


Phenol derivative 








Formula 


Amount used (g) 


70 


[I] 
[M] 
[N] 


2.1 
2.0 
2.1 


hydroxy methylphenol compound (IV-1) 
hydroxymethylphenol compound (V-1) 
none 


0.06 
0.06 



With respect to these positive photosensitive lithographic plates, the sensitivity (exposure time), the 
development acceptability, the burning temperature, the number of prints obtained, and the degree of 
75 spreading in a halftone image area were examined in the same manner as in Application Example 1. 
The results are shown in Table 6 below. 



Table 6 



20 


Lithographic 


Sensitivity . 


Development 




Burning temperature 






plate 


(exposure) 


acceptability 














time) (sec) 


(min) 


















200M 




260 •< 




25 








Impression 


Degree of 


Impression 


Degree of 










capacity 


spreading in 


capacity 


spreading in 










(x1 0,000 sheets) 


halftone 


(x1 0,000 sheets) 


halftone 












image area 




image area 


30 


[L] 


40 


6 


22 


A 


28 


B 




[M] 


38 


6 


22 


A 


28 


B 




[N] 


60 


7 


15 


C 


20 


D 




Degree of spreading in halftone image area: 








35 


A; Completely no spreading 














B: Almost no spreading 














C: Spreading occurred 














D: Considerable spreading occurred 
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The results summarized in Table 6 show that as compared with the, lithographic plate [N] containing no 
phenol derivative, the lithographic plates [L] and [M] containing phenol derivatives of the present invention 
are almost free from scumming of non-image area and have improved impression capacity even when 
burning is performed at any temperature. 

45 Furthermore, the lithographic plates [L] and [M] containing phenol derivatives of the present invention : 
have higher sensitivity (are shorter in proper exposure time) than the lithographic plate [NJ. Although the 
plates [L] and [M] are slightly inferior to the plate [C] in development acceptability, the development 
acceptability of the former plates is on a level with no practical problems. 

The above demonstrates that the phenol derivatives of the present invention not only enhance 

50 sensitivity without causing a significant decrease in development acceptability, but also greatly diminish the 
scumming of non-image area which is caused by burning, even at any temperature, and improve 
impression capacity. Thus, the derivatives of the invention have exceedingly high performances. 
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APPLICATION EXAMPLE 7 (Photoresist) 

Photosensitive solutions [O], [PJ, and [Q] having the following compositions were prepared. 



5 


Photosensitive Solution 




CresoMormaJdehyde novolak resin (meta/para ratio = 6:4) 


1.0 g 




Phenol derivative 


(as shown in Table 7) 




Triphenylsulfonium trichloromethane-sulfonate . 


20 mg 


70 


Ethyl Cellosolve acetate 


10 ml 


/5 


Table 7 





Photosensitive solution 


Phenol derivative 


Amount used 


Sensitivity 


[0] 


hydroxymethylphenol compound (IV-1) 


0.1 g 


120 mJ 


[P] 


hydroxymethylphenol compound (V-1) 


0.1 g 


110 mJ 


[Q] 


bishydroxymethyl-p-cresol 


0.1 g 


. 170 mJ 



The photosensitive solutions [0], [PJ, and [Q] described above were applied on a silicon wafer with a 
spinner and dried on a hot plate at 90 * C for 2 minutes. 

The resulting coatings were exposed using a g-line stepper (436 nm) and developed with- a 2.4% 
25 aqueous solution of tetramethylammonium hydroxide to thereby obtain resists having a 0.48-um line-and- 
. space pattern. 

The results summarized in Table 7 show that the resists obtained using the compounds (IV) and (V) of 
this invention have high sensitivity. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
30 will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 

35 1. A methoxymethyl-containing phenol compound represented by the following formula (I): 



40 



45 



50 



55 




(I) 
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wherein each R represents OHzOCYh. CH2OH, or H, provided that at least three of the R's are 
CH2OCH3 or CJ-feOH, with at least one thereof being Cl-hOCHa. 

2. A hydroxymethyl-containing phenol compound represented by the following formula (II) or (III): 




(II) 



(III) 



wherein each Rt represents CH 2 OCH 3l CH2OH or H, provided that at least two of the Ri's are CH2OH. 

3. A compound as claimed in claim 2, wherein all the Ri's are CH2OH. 

4. A hydroxymethyl-containing phenol compound represented by the following, formula (IV): 
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OH 




(IV) 



OH 

wherein each represents CH2OCH3, CH2OH or H, provided that at least two of the FVs are CH2OH. 
A hydroxy methy Containing phenol compound represented by the following formula (V): 




wherein each R 2 represents CH 2 OCH3 f CH2OH or H, provided that at least two of the FVs are CKfeOH. 
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